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Abstract 
     We have prepared Na-doped YBa2Cu3Oy (YBa1.9Na0.1Cu3Oy +40mol%Y211) 
(YBNCO) and Na-free YBa2Cu3Oy (YBCO) samples by the Melt-Textured Growth (MTG) 
method to study the effect of doped Na ion on flux pinning. The ac susceptibility curves (acs) 
as well as the hysteresis loops were measured for the samples. Then the effective pinning 
energy (U(T,Hdc,J)), irreversibility line (Hirr(T)) and critical current density (jc(Hdc)) were 
determined, where T, Hdc and J are temperature, dc magnetic field and current density, 
respectively. We found that, with Na doping, the Hirr(T) line shifted to lower temperature while 
the Jc(Hdc) and U(T,Hdc,J) became smaller. It indicates that the Na ions play a negative role in 
the flux pinning of YBCO. The appearance of the second peak in the Jc(Hdc) curves and the 
enhancement of anisotropy in YBNCO further support this finding. 
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1. Introduction 
       There have been number of papers reported on the Na substitution in YBa2Cu3Oy 
compound [1-7]. However, most of the works concern the effect of Na ions on the oriented 
grain growth and critical temperature Tc in the polycrystalline YBCO. These studies have 
shown that Na+ favors both theY3+ as well as the Ba2+ sites [1-3] since the ionic radius of Na+ 
(0.095nm) is comparable to that of Y3+ (0.093nm) and Ba2+ (0.135nm). No change in Tc has 
been observed when the doped concentration x < 0.2 in the YBa2-xNaxCu3Oy (YBNCO) [4-8].  
MTG method provides a favorable condition for investigating the effects of chemical 
doping on the flux pinning of the MTG-YBCO (hereafter YBCO). Recent measurements, such 
as resistance and magnetization curves, have found that with certain Na doping, Jc of YBCO 
was changed and the magnetization curves showed a second peak [6-8].  It was expected that 
flux pinning in YBCO might be improved by Na doping. However, both enhancement of flux 
pinning and appearance of the second peak in a same sample may result in confusion because 
the second peak usually takes place in the samples with weak flux pinning systems. 
 The aim of this work is to probe the true effect of Na addition on flux pinning in YBNCO 
mainly by acs experiment. Ac susceptibility is a powerful tool on flux pinning studies not only 
for its convenience but also for it facilitates to change the frequency f and the amplitude of the 
ac field. We have prepared Na-doped and Na-free samples by MTG process and measured the 
temperature dependence of acs at different applied dc and ac fields in addition to the 
measurements of magnetization. The field, temperature and current dependencies of effective 
activation energy, the irreversibility line and critical current density were determined.  
 
2.  Experiments and data analyze 
The bulks YBNCO with apparent composition of YBa1.9Na0.1Cu3Oy+40mol%Y2BaCuO5 
were prepared by the MTG method. The details of the method were reported elsewhere [7]. The 
crystal samples with platelet splitted up from the cleaved plane of the bulk with a single domain. 
The size is 4mm in diameter with 0.35mm thick. And the c axis is perpendicular to the wider 
surfaces. The acs was measured in an ac susceptometer with high sensitivity at different f, hac, 
and Hdc. The applied field is H (t)=Hdc+haccos(2 ft), Hπ dc//c, hac//c, Hdc>>hac or Hdc=0. The dc 
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magnetization measurement was carried out by a VSM (vibrating sample magnetometer). 
It is supposed that there is giant flux creep in the samples. It has been shown that for a thin 
slab with thickness 2d in applied field H (t) the effective pinning energy is [9] 
 U              (1) )ln()/11ln()/1ln()( 00 oftftTttTJ −≈+=+=
where to is the time scale and t=1/f.  Thus the U (J) relationship can be determined 
experimentally by acs measurement at different frequency and current densities.  Because of 
the highly non-linearity of flux creep, special constant but time dependent current density 
approximation (i.e. the expended Bean model) provides a good description of the field profile 
inside a sample [9]. The current density can be estimated directly as  
dhJ ac /= ,          T =Tp                              (2) 
where  Tp  is the temperature at which the imaginary part of complex acs( ), , 
peaks. Furthermore, assuming U(J,H
"' χχχ −= "χ
dc,T) = Uo(J,Hdc)G(T) and combining (1) and (2) where 
G(Tp) accounts for the temperature dependence of U, one can re-write equation(1) as [10]:  
                                        G(Tp)/Tp=[Uo(J,Hdc)]-11/(ft0))                            (3) 
Equation (3) and (2) show that a systematic measurement of  peak as a function of h"χ ac, f 
and Hdc can extract the effective pinning barriers U(T, Hdc, J) [9,10]. 
 
3. Results and discussions 
3.1.  Irreversibility line 
Fig.1 shows the effect of the dc magnetic field on the  curve of the YBNCO at the 
fixed frequency and amplitude of ac field. It is seen that as H
)(Tχ
dc increased from around 0.5T to 6T, 
the  curve shifts towards lower temperatures and the transition is broadened. On the other 
hand, for YBCO sample, the shift is smaller and the transition is broadening that are not 
illustrated here for simplicity. We define the transition temperature as the irreversibility 
temperature at H
)(Tχ
dc, where acs onsets. In this way the so-called irreversibility line Tc(Hdc) or Hirr(T) 
is obtained. Fig2 shows the irreversibility lines of YBCO and YBNCO for Hdc//c obtained by dc 
and ac magnetic measurements, respectively. From Fig2, we can find that the line of Hirr(T) for 
YBNCO crystal is shifted to lower temperature, indicating the Na addition has depressed the flux 
 3 
pinning . 
Shown in the inset in Fig.2 is also the influence of the driving frequency of ac field on the 
irreversibility line of YBNCO. It is seen that Hirr(T) is frequency dependent which is in 
agreement with references [11]. The effect of amplitude of ac field on the irreversibility line was 
measured as well, and shown that hac (i.e. the current density J) affect the irreversibility line too. 
These results indicate that the onset temperature Tc (Hdc) is in fact determined by the flux 
dynamics, implying that our definition on the irreversibility temperature is reasonable. Hence not 
only the peak temperature Tp of [11] but also the onset temperature of acs can be used to 
define as the irreversibility lines.  
"χ
 
3.2.  Effective activated energy 
Shown in Fig.3 are typical  and curves for the YBNCO sample at H)(' Tχ )(" Tχ dc=0.5T, 
hac=0.4Gs and different frequency, where we can see that Tp increases with increasing f. To 
extract the effective barriers, the data of acs are fitted by  
5.11 ])/(1[)( cpp TTTG −=          (4) 
where Tc = 90 K, the onset temperature in zero field. That is to say, plotting the acs data as 
G(Tp)/Tp versus lnf either at fixed hac in fixed dc field Hdc (see Fig.4) or at fixed Hdc in different 
amplitude of ac field hac (not shown here for simplicity), we should obtain a set of straight lines 
whose slop and intercept are the inverses of effective barriers (Uo(J,Hdc))-1 and time scale 1/to, 
respectively, see Fig.5 and, Fig.6. It is seen that the equations can fit the data well. 
Displayed in Fig4 is a summary of the data (symbols) in different dc fields and frequency at 
fixed hac, showing the effect of dc fields Hdc on the slopes (Uo(J,Hdc))-1and intercepts 1/t0 of the 
fitting straight lines. It is found that while 1/t0 only varies slightly with Hdc around its mean value 
f0 =1 Hz from the fitting lines, the slope changes apparently with dc field, indicating 
the effective barrier U
12
0 106/ ×≈t
0(hac,Hdc) being a function of Hdc. Plotting U0(hac, Hdc) versus Hdc (Fig5) we 
find a function fitting the eight slopes well is U , where m=0.86 
and U
m
dc
Na
dcac
Na
o HUHh
−= 00),(
Na represents the energy of YBNCO. Comparing with the data of YBCO (m=0.65), we 
found that U0Na<U00 for any dc fields, where U00 is the effective energy for YBCO. With Na 
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addition, therefore, the flux pinning energy decreased.  
Displayed in Fig6 are a summary of the data (symbols) in different amplitudes of ac field 
hac in the fixed Hdc, showing the effect of  current density on the effective barriers. Displayed in 
Fig6 are also Uo0(J) relationship of YBCO at Hdc = 1 T for comparison. It is seen that UNa and U0 
have similar dependence of J, but the UNa is smaller than U0 at a same J. This is important result 
showing the negative display of doped Na ion on enhancing flux pinning. 
 
3.3.  Critical Current Density   
 Magnetization hysteresis loops were measured and thus magnetic Jc at different 
temperatures and applied fields were determined based on the expanded Bean model for the 
Na-doped and Na-free samples, respectively. As an example, shown in Fig.7 is the dependence 
of Jc on applied field Hdc at liquid nitrogen temperature for the samples.  From Fig7, two points 
are clear.  First, Jc of YNBCO is lower than of YBCO in the all fields at 77 K.  This is directly 
demonstrated that the doped Na is harmful for flux pinning.  Second, a peak in Jc(Hdc) curve 
clearly is developed for the Na doped sample, which is also called second peak effect [12]. The 
second peak has been observed in variety of samples with weak flux pinning. Samples with 
weak flux pinning are usually a perfect single crystal, a sample with larger anisotropy factor , 
or a sample at higher temperatures. For examples, the second peaks in magnetization curves 
have been developed with elevating temperature for La
γ
2-xSrxCuO4 [13], YBCO [14] and 
La0.9Pr0.1Ba2Cu2.62Al0.38Oy  [15] single crystals, respectively. Hence, with the temperature 
increased, the flux pinning is depressed and thus Jc decrease whereas the second peak in 
magnetization curve gradually was developed with increasing temperature. The second peak in 
Jc is also an indication that the addition of Na decreases flux pinning of YBNCO.  
 The above conclusion is further supported by angular dependence of zero resistance 
temperature Tco at the magnetic fields of 1T and 6T respectively [16]. The scaling of the 
angular dependence of Tco with different anisotropic value  in constant fields up to 6T shows 
that =7 for YBCO and =11 for YBNCO, respectively [16]. The results imply that Na 
substitution give arise to a larger anisotropy in YBNCO crystal. It was suggested that the 
coupling in Cu-O planes was weakened and the flux pinning was depressed due to the Na 
γ
γ γ
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addition. 
 
4.  Summary  
The complex ac susceptibility of Na-doped and Na free MTG-YBCO samples was 
measured systematically as a function of temperature, amplitude and frequency of ac field and 
dc field to study the flux pinning in the time window of 10-4s(10 kHz)-10-2s(0.1 kHz). The 
irreversibility lines, effective pinning barriers of flux motion as a function of temperature, dc 
field and current density were determined for the samples, respectively. By means of magnetic 
hysteresis loop measurement, the critical current densities of the two samples were also obtained. 
By comparing these measurements, it is found that with Na addition: 1. The flux pinning energy 
U0 is decreased.  2. The critical current density Jc is decreased. 3. The irreversibility line is 
shifted to low temperature. 4. The magnetization curves developed a second peak. 5. The 
anisotropy became larger. So, it is concluded that the Na addition restrained the 
superconductivity more than its contribution to flux pinning. 
 
Acknowledgements 
   This work was supported by the Ministry of Science and Technology of China 
(G1999064602) and National Nature Science foundation of China (NNSFC, 19994016). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 6 
References: 
1.     Y. Dalichaouch, M. S. Torikachvili, E. A. Early, B. W. Lee, C. L. Seaman, K. N. Yang,  
H. Zhou, and M. B. Maple, Solid State Commun. 65 (1988) 1001. 
2.     A. Fartash and H. Oesterreicher, Solid State Commun. 66 (1988) 39. 
3.     J. L. Tallon, D. M. Pooke, M. P. Staines, M. B. Bowdem, N. E. Flower, R. G. Buckley, 
M.R. Presland and R. L. Davis, Physica C 171 (1990) 61. 
4.     P. S. Mukherjee, A. Simon, M. S. Sarma, and A. D. Damodaran, Solid State Commun. 
81 (1992) 253. 
5.    Wu Hong, Zeng Fei, Zhang Hong, Chinese J. of Low Temp. Phys. (Chinese) 16 (1994) 
453.  
6.    X. W. Zou, Y. X. Hu, H. Zhang, Chinese J. of Low Temp. Phys. (Chinese)(suppl.) 21 
(1999) 604,   X. W. Zou, H. Zhang, Material Letters, 42 (2000) 17. 
7.     Z. H. Wang, Supercond. Sci. Technol., 14(2001)511 
8.     Z. H. Wang, X. W. Zou, T. Yang, H. Zhang, J. Fang, Z. Huang, L. Qiu, J. L. Chen, S. Y. 
Ding ,  Physica C, 3(2002) 195 
9.    G. Blatter, M. N. Feigel’man, V. B. Geshkenbein, A. I. larkin, and V. M. Vinorkur, Rev. 
Mod. Phys., 66(1994) 1125 
10.  S. Y. Ding, G. Q. Wang, X. X. Yao, H. T. Peng, Q. Y. Peng, S. H. Zhou, Phys. Rev.  
           B.51(1995)9107 4 
11. A. P. Malozemoff, T. K. Worthington, Y. Yeshurun, F. Holtzberg, P. H. Kes. Phys. Rev. B  
           38(1988)7203. 
12. D. Pal, S. Ramakrishnan, A. K. Grover, D. Drsgupta and Bimal K. Sarma. 
Cond-mat(2001)0106119vl 
13. S. Senoussi. Phys, (III), France 2 (1992) 1102—1106. 
14. Krusin-Elbaum. L, Civale. L, Vinokur. V. M, and F. Holtzberg, Phys. Rev. Lett.   
69(1992) 2280 
15. H, Luo,X. F. Wu, to be appeared in Supercond. Sci. Technol., 15(2002) 
16. Z. H. Wang, X. W. Zou, T. Yang, H. Zhang, J. Fang, Z. Huang, L. Qiu, J. L. Chen, S. Y.  
            Ding , Supercond. Sci. Technol., 15(2002)339 
 
 
Fig captions 
Fig. 1.  Ac susceptibility- temperature curves at different applied dc fields (Hdc) of YBNCO.  
f=2kHz,  hac=0.4Gs. 
Fig. 2.   The irreversibility lines of YBCO and YBNCO. The inset shows the irreversibility lines 
of YBNCO at different frequency.   
Fig. 3.   Acs curves at different frequency of YBNCO at Hdc=0.5T hac=0.4Gs. 
Fig. 4.   The plot of G(Tp)/Tp versus lnf at different dc field of YBNCO at hac=0.4Gs, giving the 
effective pinning energy U and time scale to of flux diffusion. 
Fig. 5.   The comparison of U(Hdc) curves between YBNCO and YBCO at  hac=0.4Gs.. 
Fig. 6.   The comparison of U(J) curves between YBNCO and YBCO at Hdc=1T. 
Fig. 7.  The comparison of Jc(Hdc) curves between YBNCO and YBCO.         
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